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MEDICAL GRAF T ING METHODS awp APPn p nTTTg 

Background the Tm, a .f^ n _ 

5 ann , inVention relates to medical methods and 

5 apparatus, and .ore particularly to methods and 

apparatus for installing a tubular graft in a patient 
for such purposes as bypassing, an occlusion or 
narrowing in the patient's tubular body structure 
ThS inv ention is applicable to making 

10 anastomotic connections between all hnrt„ „ • 

ween ali body conduits. For 
example, the invention also has application for 
attaching coronary artery bypass grafts. Specifically, 
connectxon methods and apparatus are provided for 

13 a a "t\ C c in V he t0 COr ° nary ^ d the 

aortic artery. In the case of fche ^ 

artery, connection is required at the coronary artery 

Conventional coronary artery bypass grafting " 
reo^res the heart and associated vessels to be 
accessed through the center of the chest by splitting 
the sternum (e.g., median sternotomy) or through the 
sxde by separating the ribs (e.g., thoracotomy). The 
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heart is typically stopped during this process, and the 
patient is placed on cardiopulmonary bypass. These 
procedural steps are typically performed in order to 
allow the physician to safely and precisely sew the 
5 grafts with sutures to the exposed arteries as deemed 
necessary. However, this procedure may involve risks 
to the patient attributable to the magnitude of the 
incision required and the procedure of stopping the 
heart, which allow the physician the access to stitch 
10 on a non-beating heart, i.e., "static" stitching. This 
procedure may also be associated with various 
complications, including stroke, heart block, and long 
patient recovery times. Another factor is the 
considerable operation time involved due to the 
15 criticality of individual hand sewing of each graft end 
required by the suture process. The precision with 
which the grafts are sewn may influence the ultimate 
patency term for the graft. 

Typical prior art procedures have been 
20 described by Heartport, for example, which attempts to 
connect vessels through ports inserted between the ribs 
but also requires the heart to be stopped and the 
grafts be sewn in place. Cardiothoracic Systems 
describes a procedure wherein the heart is allowed to 
25 .eat, but full acceas to the heart is required as well 
as hand sewing of the graft segments to the beating 
heart. other procedures describe the use of robots and 
automated mechanical assist devices to complete a sewn 
anastomosis on beating hearts or through small 
30 incisions 



It is thus an advantage of the current 
invention to overcome some of these difficulties 
associated with cardiac surgery. 
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It is an advantage of the invention to 
eliminate the need to stop the heart. 

rerill . " ±S 3 fUrth6r ^vantage of the invention to 

reduce s^nxficantly the size of the incision and to 
reduce the exposure of the heart and aorta necessary to 
perform the surgery. 

It is still a further advantage of the 
invention to reduce the time necessary to perform the 
anastomosis procedure by eliminating the time-consuming 
task of manually suturing the vessels together. 

It is also an advantage of the invention to 
Previa an improved and consistent anastomosis result, 
without the reliance on the technique and skill of the 
physician. 



20 



25 



30 



15 Summary of thp Tm» w n. n 

These and other advantages of the invention 
are accomplished in accordance with the principles of 
the invention by providing an apparatus and methods for 
use m making an anastomotic connection between two 
tuouiar body fluid conduits in a patient, the connector 
being configured for attachment to the first and second 
tubular fluid conduits. m one embodiment of the 
invention, one of the tubular fl uid conduits defines an 
opening extending between the exterior and the interior 
of the conduit. The connector may have an interior 
which is substantially accessible to the interior of 
the first tubular fluid conduit, and is also configured 
for annular enlargement. An expandable structure is 
Provided having a first portion con-figured to annularly 
enlarge the connector by engaging the interior of the 
connector. In a preferred embodiment, a second portion 
of the expandable connector is configured to extend 
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through the opening in the medial portion of the first 
tubular fluid conduit. 

According to a preferred embodiment, a 
portion of the connector may be configured for 
5 attachment to the axial end of the first tubular fluid 
body conduit and be substantially coaxial therewith. 
The connector may include members having free end 
portxons that are configured to penetrate the first 
tubular body conduit at locations that are axially 
10 spaced around the connector. ta axial portion of the 
connector may be configured for insertion through an 
openxng in a side wall Qf fche ^ - 

conduit. The connector may include members having free 
end portions that are directed radially outward and are 
15 configured to engage the exterior of the side wall of 
the second tubular fl uid conduit when a predetermined 
axxal portion of the connector has passed through the 
opening in the side wall of the second tubular fluid 
condui t . 

20 In ° rder to remotely expand the first, distal 

portion of tb ° -v^^.h^v-o _ 

t xpana^ie structure, the expandable 

structure also includes a third, proximal portion'for 

remotely introducing fluid or pressurized air A 

tapered structure may be provided for dilating the 

25 opening in the second fluid tubular conduit by 

advancing the tapered structure through the opening. 

^""dinal member may be provided which is 

configured to extend between the first tubular fluid 

conduit and the second tubular fluid conduit. m a 

30 preferred embodiment, the longitudinal member is 

configured to extend through the opening in the second 

tubular fluxd conduit and along the lumen thereof. The 

tapered structure may al so include an elongated tubular 

structure, e.g., a catheter-l ike structure, axially 



WO 00/53104 

PCT/US00/05971 



- 5 



extending from an end portion of the tapered structure 
and coaxial with the longitudinal member. The tapered 
structure may be configured to be advanced into and 
^ along the interior of the second tubular fluid conduit 
5 after dilating the opening in the side wall thereof. 
Alternatively, the tapered structure is configured to 
be advanced into and along the interior of the first 
tubui ar fluid conduit after dilating the opening in the 

-de wall of the second. tubular body conduit. insuch 
a case, the connector may have annularly expanded ' 
sufficiently to allow the tapered structure to pass 
through the interior of the connector. As an 
alternative or in addition to the tapered structure, a 
second expandable structure, such as a balloon, may be 
15 provided which is configured to dilate the opening in 
the second tubular fluid conduit. 

Further in accordance with the invention, 
apparatus and methods are provided to make a second 
anastomotic connection between the first tubular fluid 
20 conduit and a third tubular fluid conduit. The first 
tubular fluid conduit defines first and second axial 
end portions. The apparatus further includes a second 
connector configured for attachment to the first and 
third tubular fluid conduits and having an interior 

*o thereof substantially acce^ihio *-u 

y acces sible to the interior of the 

first tubular fluid conduit. The second connector is 
also configured for annular enlargement. A second 
expandable structure is provided having a first, distal 
portion configured to annularly enlarge the second 
connector by engaging the interior of the second 
connector, and having a portion configured to extend 
through the opening in the medial portion of the first 
tubular fluid conduit. The distal portion of the first 
expandable structure and the distal portion of the 
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second expandable structure are independently and/or 
simultaneously expandable. 

The first tubular fluid conduit may be a 
natural body conduit, such as the saphenous vein or the 
5 xnternal mammary artery, and the opening in a medial 
portion thereof may be a natural side branch. 
Alternatively, the fi rst tubular fluid conduit may be 
an artificial graft conduit. 

Further apparatus and methods for installing 
10 a tubular graft conduit between first and second spaced 
locations in a patient's tubular body structure are 
disclosed. Apparatus in accordance with the invention 
may include first and second connectors attached to th» 
axial ends of the tubular graft conduit and having 
15 interior portions substantially accessible to the 
interior of the tubular graft conduit. A first 
expandable structure may be provided having a first 
balloon portion for annularly expanding a portion of 
the first connector by engaging the interior of the 
20 first connector and a first elongated structure for 

remotely expanding the first balloon member. The first 
expandable structure may be provided with an axial 
opening extending therethrough. A second exoandable 
structure may also be provided having a second balloon 
25 portion for annularly expanding a portion of the second 
connector by engaging the interior of the second 
connector and a second elongated structure for remotely 
expanding the second balloon member. A portion of the 
second expandable structure may extend coaxially 
30 through the axial opening in the fi-rst expandable 
structure . 

A method of installing the tubular graft 
conduit between first and second spaced locations in a 
patient's tubular body structure is disclosed, which 



WO 00/53104 



PCT/US00/05971 



7 - 



xncludes providing an aperture through a wall of the 
tubular body structure at the first location with a 
distal portion of an elongated structure inserted into 
and along a lumen of the tubular body structure to the 
first location. A graft is provided having f irst and 
second connectors attached to axial ends of the graft 

The graft may be passed along the lumen of 
the tubular body structure through the wall at one of 
the first and second locations to the other of ■ the 
locations. A further step may be to attach axial end 
Persons of the graft to the tubular body structure 
adjacent the first and second locations by annularly 
expanding the first and second connectors. According 
to a preferred embodiment, the step of attaching axial 
15 end portions of the araft ho h,. w , 

zne ? raft to the tubular body structure 
by annularly expanding the first S nH CQ 

y i-ue rirst and second connectors 

may be achieved by expanding first and second 
expandable structures positioned adjacent the interiors 
of the first and second connectors. 

20 ^ In 3CCOrdance with * Preferred embodiment, 

the step of attaching axial end port±ons of ^ 

to the tubular body structure may include annularly 
expanding a first axial portion of the first connector 
spaced furthest from the first location, inserting a 

second axial portion of hho 

P £<-ion ot the first connector into the 

tubular body structure at the fir^t 

Lne rir st location such that 

in" 181 POrti ° n ° f firSt —tor remains 

outside the tubular body structure, and. annularly 
expanding the second axial portion of the first 
connector positioned inside the tubular body structure, 
in order to deploy the connector as described above, 
the method may include providing a second elongated 
structure having a lumen, coaxially positioned to 
surround an axial portion of the first connector. When 
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the second elongated structure is provided in an 
embodiment in accordance with the invention, the first 
axxal portion of the first connector may be exposed 
fro, the lu.en of the second elongated structure while 
retaxnxng the second axial portion within the lumen of 
the second elongated structure, before annularly 
expanding the first axial portion of the first 
connector. Moreover, before inserting a second axial 
portxon of the first connector into the tubular body 
10 s ructure at the first location, the distal end portion 

H tub 1 "V 1011 ^ 8t ™*«- -y retracted into 
the tubular body structure. m addition, before 
annularly expanding the second axial portion or the 
first connector positioned inside the tubular body 
structure at the first location, the second portion of 
the fxrst connector may be exposed from the lumen of 
the second elongated structure. 

. FUrthSr features of the invention, its nature 
«nd varxous advantages will be more apparent from the 
accompanyxng drawings and the following detailed 
description of the preferred embodiments. 

Brief Dp Srript - inn nf - fche Draw . w ^ g 

FIG. 1 is a simplified view, in partial 
sectxon, of the apparatus in accordance with the 

invention. 

FIG. 1(a) is a simplified sectional view, 
sxmxlar to FIG. 1, illustrating an alternative 
embodiment of the apparatus in accordance with the 
invention. 



30 



_ G ' 2 15 a sim Plified planar development of 

the structure of an illustrative embodiment of a 
connector constructed in accordance with this 

invention . 
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FIG. 3 is a simplified elevatj 



15 



30 



:ional view of 

the actual structure of the connector which is shown in 
planar development in FIG. 2. 

FIG. 4 is a simplified planar development of 
5 the structure of FIGS. 2-3 showing that structure's 

capacity for annular enlargement in accordance with the 
invention . 

FIG. 5 is a simplified planar development of 
the structure of a second illustrative embodiment of a 
10 connector constructed in accordance with this 
invention . 

FIG. 6 is a simplified elevational view of 
the actual. structure of the connector which is shown in 
planar development in FIG. 5. 

FIG. 7 is a simplified planar development of 
the structure of FIGS. 5-6 showing that structure's 
capacity for annular enlargement in accordance with the 
invention. 

FIG. 8 is simplified view in partial section 
of the structure of FIG. 7 with additional illustrative 
apparatus shown in FIG. 1 f or use in delivering and 
deploying the FIG. 6 structure in a patient in 
accordance with the invention. 

FIG. 9 is a simplified sectional view showing 
an early stage in the method in accordance with the 
invention . 

FIG. 10 is a simplified sectional view 
similar to FIG. 9, showing a later stage in the method 
m accordance with the invention. 

FIG. 11 is a simplified sectional view 
similar to FIG. 10, showing a still later stage in the 
method in accordance with the invention. 



20 



25 
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FIG. 12 is a simplified sectional view, 
showxng the use of apparatus in an expanded 
configuration accordance with the invention. 

c K . FIG ' 12U) 15 an ^larged sectional view 

5 showing the apparatus of ^ ^ ^ ^ un 

conjuration in accordance with the invention. 

FIG. 13 is a si ro plif ied sectional view, 
show.ng an early stag e in the use of the FIG 1 
apparatus and the FIG. 2 connector i„ 
10 the invention. connector m accordance with 

FIG. 14 is a simplified sectional view 

similar to Fin 1 ^ 

the FIG , 9 3 Stage ±n the — of 

FIG. 1 apparatus in accordance with the invention 

1S . FIG - 15 15 a s ^Plified sectional view 

15 similar to FIG . 13, showing a still latgr 

use of the FIG. 1 apparatus in accordance with tne 
invention. e 

FIG. 16 is a simplified sectional view 

similar to FTr: i „-u 

FIG , ' Sh ° Wlng thS end —It of using the 

FIG. 1 apparatus and the FIG ? ™„ 

with i-h» « connector in accordance 

witn the invention. 

., FIG ' 16(a> 15 3 sim Piified sectional view 

FIG. 13 (a , ln accorda.ee with the invention 
vio W , h ^ iS 3 sim P lifi ^ enlarged sectional 

" ' Sh ° Wlng ^ Sarly St ^ e in the use of the FIG ! 
apparatus and the FIG. 5 connector in accordance w th 
the invention. Ln 

. FIG> 18 15 3 sim Plified enlarged sectional 
view similar tn rrr t i ^ . 

nar to FIG. 17, showing the end result of 

using the FIG. 1 apparatus and the FIG * 

, u cne FI G. 5 connector 

accordance with the invention. 

FIG. 19 is a simplified sectional view, 

showing the end result of using the Fir o 

^^j-xig tne FIG . 2 connector 
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and the FIG. 5 connector in accordance with the 
invention. 

FIG. 20 is a simplified view, in partial 
section, of an alternative embodiment of the apparatus 
m accordance with the invention. 

FIG. 20(a) is an enlarged sectional view of a 
portion of the apparatus of FIG. 20 in Accordance with 
the invention. y 

FIG. 21 is a simplified sectional view 
showing an early stage in the method in accordance with 
the invention. 

FIG. 22 is a simplified sectional view 
similar to FIG. 21, showing a l ater stage in fchfi m8thod 
in accordance with the invention. 

FIG. 23 is a simplified sectional view 
similar to FIG. 21, showing a still later stage in the 
method in accordance with the invention. 

FIG. 24 is a simplified sectional view 
similar to FIG. 21, showing yet a later stage in the 
method in accordance with the invention. 

FIG. 25 is a simplified sectional view 
showing an early stage in the use of the FIG 2o' 
apparatus, the FIG. 2 connector, and the FIG. 5 
connector in accordance with the invention. 

FIG. 26 is a simplified sectional view 
similar to FIG. 25, showing a later stage .„ fche ^ Qf 
the FIG. 20 apparatus in accordance with the invention. 

FIG. 27 is a simplified sectional view 
showing a portion of the FIG. 25 view, showing a still 
later stage in the use of the FIG. 20 apparatus in 
accordance with the invention. 

FIG. 28 is a simplified sectional view 
similar to FIG. 27, showing the end result of using the 
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FIG. 20 apparatus and the FIG. 5 connector in 
accordance with the invention. 

5 uses Alth ° Ugh inVSntion h " °ther possible 

uses the invention will be fully understood frQm ^ 

following explanation of its use in providing a bypass 
.round a narrowing in a patient's vascular 
add-on providing coronary artery bypass, the 
invention is useful anywhere in the patient's 
10 cxrculatory system including renal veins and arteries 
femoral veins and stteries ah ,U ■ , ones, 
bvoass )„ th ' abdo "»ln>l aorta, peripheral 

calotL t ™ ^ 1695 ° £ P " ie "' *" V •»«".. 

carets artery, ano any other circulatory system 

15 internal " y "* 5 

svnth t " tery <IMA '' 0th " «"« «— 1. or 

synthetic conduit. 

FIG. l illustrates apparatus 100 for- 
estalling a graft 10, to the patient's vascular 
system. Apparatus 100 include => 
on m * , includes a connector structure 

o, Z Th Mki " 9 the connectiM *- «»« 

1U4 and the coronary arterv (nof ev, 

y cilery (not shown m the FIG ) 

typically referred to as the "distal" connection ' ' 

Connector structure 12 is particularly useful for 

making the connection between the graft 104 and the 

25 arterial blood source, such as the aorta ,nnt- , ■ 
thp PT( ~ , ^ e aort a (not shown in 

the FIG . The invention is also useful when the 

««r al bl °° d SOUr " " int " nal ™*™"y «'ery 

IMA, ano , sin gle connection is maCe, i.e., 

30 'he " ^ C ° nne " 3 SeV " ed P0 " i0 " ot <*• ™* " 

JU uhe coronary artery. 

Connector structures 10 and 12 are deployed 
and installed by graft installing apparatus 14 and 16, 
respectively. As will be described ±n 
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below, graft installing apparatus 14 and 16 actuate 
connector structures 10 and 12 by the expansion of 
connector expanding balloon 18a and 18b, via the 
introduction of fluid from proximal portions 19a and 
5 19b to balloon catheters 17a and 17b, respectively n 
a preferred embodiment of the invention, graft 104 may 
be a natural vessel that has been excised or relocated 
within the patient, such as the saphenous vein or IMA. 
The saphenous vein, for example, has a plurality of 
10 openings, such as side branches 105, that normally 
allow fluid flow between surrounding tissue and the 
vein itself. Many of these side branches, i.e., 
branches 105a and 105b are- typically sealed by tying 
off or stapling. However, at least one of the side 
15 branches, i.e., branches 105c and 105d, remain in fluid 
communication with the main lumen 106 of the graft 104. 
The open side branches 105c and 105d permit access to 
the interior lumen 106 of graft 104 and the interior of 
connectors structures 10 and 12. Use of the open side 
20 branches to introduce instrumentation into the interior 
lumen of graft conduit 104 for the purposes described 
above may reduce the trauma to the graft segment by 
obviating the need for a venotomy or other incision in 
the graft. When synthetic graft materials are used, 
25 the graft may be manufactured with side branches or 

openings to permit access to the interior of the graft 
in a substantially similar manner. Connectors 10 and 
12 may be deployed individually or simultaneously, as 
operative conditions may suggest or the physician's 
30 evaluation may deem advantageous. Connectors 10 and 12 
are expanded simultaneously by simultaneous expansion ' 
of balloons 18a and 18b. Individual expansion of 
connectors 10 and 12 is achieved by individual 
expansion of single ones of balloons 18a and 18b. 
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FIG. 1 illustrates graft installing apparatus 
14 and graft installing apparatus 16 passing through 
open side branches 105d and 105c, respectively. It is 
understood that graft installing apparatus 14 may 
5 access the interior 106 of graft 104 and the interior 
of connector 10 through an axial end portion 107 of 
graft 104, as illustrated in FIG. 1(a). The approach 
of accessing the connector 10 through an axial end 
portion 107 of the graft 104 may be advantageous when 
ID an anastomosis is performed at a first end portion of 
the graft 104, and subsequently at a second end 
portion. During such a procedure, the first connector 
may be accessed through an axial end portion of graft 
104, as shown in FIG. 1(a). The second connector may 
15 then be accessed through a side branch, such as side 
branch 105c, as shown in FIG. 1. 

FIG. 2 shows a planar development of what is 
actually an integral, one-piece (unitary), annular 
connector structure 10. Structure 10 is substantially 
20 identical to the connector described in Swanson et al . 
U.S. Patent application 09/186,774 (293/039), filed 
November 6, 1998, which is incorporated by reference in 
its entirety herein, and the differences are noted 
herein. m particular, the left and right edges of the 
25 structure shown in FIG. 2 are actually joined to and 
integral with one another. Thus the actual structure 
is as shown in FIG. 3, although FIG. 2 is' useful to 
more clearly reveal the details of various features of 
the structure. A central longitudinal axis 12 about 
30 which structure 10 is annular is shown in FIG. 3. 

An illustrative material for structure 10 is 
304 stainless steel. Other examples of suitable 
materials include tantalum, tungsten, platinum, and 
nitinol. Structure 10 may be advantageously produced 
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by starting with a single, unitary metal tube and 
removing selected material until only the structure 
shown in FIG. 3 remains. For example, laser cutting 
may be used to remove material from the starting tube 
5 in order to produce structure 10. Although connectors 
10 can be made in various sizes for various uses, a 
typical connector has an initial outside diameter in 
the range from about 0.040 to about 0.065 inches, an 
initial length of about 4 . 0 mm, and a material 
10 thickness of about 0.004 inches. 

Connector 10 may be described as including 
axially spaced first and second portions 20 and 40 
respectively. First portion 20 includes a first 
plurality of annularly spaced members 22 that in this 
15 case have free end portions 24 that are sharply pointed 
and that point towards second portion 40. m addition, 
fxrst portion 20 also includes a second plurality of 
annularly spaced members 26, preferably having free end 
portions 28 that are sharply pointed and point towards 
20 second portion 40. Each of members 22 and 26 is 
deflectable radially out from the remainder of 
structure 10 as shown, for example, in FIG. 3. This 
outward deflection is preferably at least partly 
plastic . 

25 Second portion 40 also includes a plurality 

or annularly spaced members 42 that in this case have 
free end portions 44 that are sharply pointed and that 
point toward first portion 20. Each of members 42 is 
deflectable radially out from the remainder of 

30 structure 10 as shown, f or example,- in FIG. 3. Again 
this outward deflection is preferably at least partly 
plastic. 

The above-mentioned outward deflection of 
elements 22, 26 and 42 can be produced by putting the 
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connector on a mandrel and prying elements 22, 26 
and 42 radially outward. Elements 22, 26 and 42 act as 
retention means for securing the connector 10 to the 
graft 104 as described below. it is understood that 
when artificial (synthetic, grafts are used, different 
retention means, such as suture loops, may be used. 

Connector 10 is formed in such a way that it 
is annularly enlargeable (e.g., by inflation of a 
balloon that is temporarily disposed inside the 
connector) . The annularly expanded condition of 
connector 10 is shown in FIG. 4. The annular expansion 
of connector structure 10 is described in greater 
detail in U.S. Patent application 09/186,774, 
incorporated by reference, above. The annular 
expandability of connector 10 is provided by making the 
connector with a plurality of annularly adjacent 
annularly enlargeable cells. For example, a typical 
cell includes annularly spaced, but adjacent, 
longitudinal members 50a and 52a, the axially spaced 
ends of which are connected to one another at 54a and 
56a. A plurality of these cells are connected side to 
sxde on connector structure 10. A representative one 
of another cell includes annularly adjacent 
longitudinal members 60a and 62a, the axially spaced 
25 ends of which are connected at 64a and 66a. These 
cells are connected side to side at portion 40 of 
connector structure 10. The structure is annulary 
enlargeable by annularly enlarging these cells as 
shown, for example in FIG. 4. it will be appreciated 
that as structure 10 annularly enlarges, it generally 
axially shortens. 

FIGS. 5-7 illustrate an alternative 
embodiment of a connector structure, i.e., connector 
structure 12, which is substantially similar to 
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connection structure 10 described above, and the 
connector described in U.S. Application 09/186,774 
incorporated by reference above. Connector 1? is ' 
advantageously useful in making the proximal 
5 anastomosis between the graft and the aorta. Many of 
the differences between connector structure 12 and 
connector structure 10, described above, are relevant 
to the different characteristics of the aortic wall, 
which is thicker and more rigid than the coronary 
10 artery wall. The particular sizes and configurations 
of the connector structures described herein may be 
specifically tailored to the type of conduit being 
anastomosed. For example, in the exemplary procedure, 
the aorta wall is greater than 2mm thick and the 
15 coronary artery wall is usually less fchan ^ ^.^ 
Therefore, connector 10 and 12 are constructed to 
secure the graft to the respective vessel walls. 

Connector 12 may be described as including 
axially spaced first portion 70, substantially 

identical to first norMnn ?n ^-f 

1 portlon 20 of connector 10, second 

portions 80, substantially identical to second portion 
40, and third portion 90. First portion 70 includes a 
first plurality of annularly spaced members 72 that in 
th ls case have free end portions 74 that are sharply 
25 pointed and that point towards second portion 80 

Second portion 80 includes a plurality of annularly 
spaced members 82 that are sharply pointed and point 
towards first portion 70. In addition, third portion 
90 includes a plurality of annularly spaced members 92, 
30 preferably having free end portions, 94 " that are sharply 
pointed and point towards second portion 70, and in 
substantially the same direction as members 72. Each 
of members 72, 82 and 92 is deflectable radially out 
from the remainder of structure 10 as shown, for 
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example, in FIG. 6. This outward deflection is 
preferably at least partly plastic. 

Connector 12 is annularly enlargeable as 
described above for connector 10. The annularly 
5 expanded condition of connector 12 i s shown in FIG 7 
As described for connector 10, connector 12 is provided 
with annularly adjacent, annularly enlargeable cells 
Connector 12 also defines a series of enlargeable ceils 
defied by adjacent longitudinal members 67a and 68a 
10 the axially spaced ends of which are connected at 66a 
and 69a. 

FIG. 8 illustrates exemplary connector 12 
positioned with respect to graft installing apparatus 
16. In particular, balloon 18b in its uninflated 
15 configuration is positioned within the interior of 
connector 12. The remainder of the graft installing 
apparatus (e.g., balloon catheter 17b) extends within 
lumen 106 and through side branch 105c. 

Graft 104 is Positioned annularly around the 
20 fxrst portion 70 and third portion 90 of connector 12 
Graft 104 may a natural body conduit, such as the 
saphenous vein or IMA, or an artificial graft conduit, 
or a combination of natural and artificial conduits 
Graft conduit 104 is placed on connector 12 such that 
25 radially outwardly deflected members 72 and 92 

penetrate and pass through the side wall of graft 104 
The graft attachment is described in greater detail in 
U.S. Application 09/186,774, incorporated by reference 
above. By positioning the graft conduit 104 around 
30 connector 12, the interior of connector 12 is 

accessible, in communication with, or open to the 
interior lumen of graft conduit 104. it is understood 
that a portion of the connector 12 may be alternatively 
positioned outside the graft conduit 104; however, a 
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portion of the connector 12 should remain accessible 
from the interior of the graft 104. 

Graft conduit 104 may be installed in the 
patient and attached by connectors 10 and 12 by methods 
5 described herein. The example illustrates the process 
of connecting graft 104 to the aorta 200 and the 
coronary artery 202 downstream of the narrowing 204 of 
the patient's heart H. According to a first method, 
illustrated in FIGS. 9-11, a guide member is installed 
10 from inside the coronary artery 202 to the outside, and 
assists in the installation of the graft 104 and the 
connector 10. The installation of the guide member is 
described in greater detail in Goldsteeh et al. U.S. 
Patent application 08/745, 618 (293/002) , filed 
15 November 7, 1996 and Berg et al. U.S. Patent 

application 09/187,364 (293/036), filed November 6, 
1998, both of which are incorporated by reference in 
their entirety herein. As FIG. 9 illustrates, a first 
guide wire 150 is introduced in the patient's 
20 circulatory system via a remote location, such as the 

femoral artery (not shown) . Guide wire 150 is advanced 
from the aorta 200 into the coronary artery 202 having 
a narrowing 204. Guide wire is preferably advanced 
through the narrowing 204. 
25 With continued reference to FIG. 9, a 

catheter or catheter-like structure 152 is introduced 
into the patient over and along guide wire 150, once 
wire 150 is positioned across narrowing 204. Guide 
wire 150 facilitates passage of the distal portion of 
30 catheter 152 through narrowing 204.- As shown in 

FIG. 9, catheter 152 substantially follows the contours 
of wire 150. 

An end portion 154 of catheter 152 is 
preferably constructed to form a laterally extending ' 
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arch as shown in FIG. 10 when guide wire 150 is 
withdrawn from catheter 152. For example, catheter 152 
may be made so that it resiliency tends to form an 
arch of a predetermined lateral extent when it is freed 
from the straightening effect of guide wire 150 An 
internal lumen (not shown, preferably extends along the 
entire length of the catheter and is used to allow the 
catheter 152 to track over guide wire 150 as described 
above, and to subsequently guide a longitudinal 
Piercing structure to the point on the wall of 
artery 202 where it is desired to connect one end of a 
bypass graft. 

As shown in FIG. 10, a distal portion 154 of 
the catheter 152 may be configured to deflect or curve 
to the side when guide wire 150 is withdrawn as 
described in U.S. Application 09/187,364, or 
alternatively the distal end of the lumen within the 
catheter may be shaped to deflect the guide wire 
laterally, as described in U.S. Application 08/745,618 
both applications are incorporated by reference above ' 
As yet another alternative, the lumen in catheter 15, 
may have a side branch which exits from the side waU 
of the catheter at or near the apex of an arch in t*e 
catheter adjacent the coronary artery wall, as 

25 described in U.S. Application 09/187,364 (293/036) 
incorporated by reference above. 

As illustrated in FIG. 11, a subsequent step 
involves inserting an elongated piercing structure, or 
guide member 160 (e.g., p rimarily a metal w±re or w± ^_ 
30 l lke structure,, into catheter 152 along the lumen 
thereof formerly used for guide wire 150. Because 
catheter portion 154 is now arched as shown in 
FIGS. 10-11, the distal end of guide member 160 tends 
to follow the lumen of catheter 152 and into contact 
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with the interior surface of the side wall of coronary 
artery 202. The distal tip of guide member 160 is 
sufficiently sharp and guide member 160 is sufficiently 
stiff that the distal tip of guide member 160 can be 
5 pushed out through the coronary artery wall tissue.. 

FIGS. 12-12 (a) illustrate a preferred 
• embodiment in which an expandable member may be used in 
a further step of the procedure. An expandable member, 
such as aperture dilating balloon 170, may be provided 
10 on the distal end of catheter 172. Catheter 172 is 
advanced over and along guide member 160, through the 
vascular system, to the anastomotic site. In the 
example, balloon 170 is advanced through .the aorta 200, 
into the coronary artery and through the narrowing 204 
15 As shown in FIG. 12(a), balloon 170 is inserted through 
the aperture in the coronary artery wall made by guide 
member 160. Balloon 170 passes through the aperture in 
its unexpanded state. The balloon 170 is subsequently 
expanded by the introduction of fluid or air into 
20 catheter 172, as shown in FIG . 12, in order to 

controllably dilate the aperture in the wall of th« 
coronary artery 202 to a size which may be suitable for 
the requirements of the distal connector or other 
apparatus useful to make the anastomosis. 
25 FIG - 13 illustrates additional apparatus 

which may be used in a further step of the procedure 
A gradually tapered nose portion or sheath, such as 
nose portion 180, may be provided having a 
substantially conical outer surface. Nose portion 180 
30 surrounds the distal portion of balloon 18a and 

connector 10. More particularly, nose portion covers 
outwardly extending members 42 with free ends 44. This 
geometry allows optimal passage across a body conduit 
wall (e.g., a coronary artery wall as shown in FIG. 13 



WO 00/53104 



PCT/US00/05971 



- 22 



5 



and described below) with minimal wall damage, with 
minimal force being required, and with no catching or 
snagging on the wall. An inside portion of nose 
portion 180 may be shaped to receive balloon 18a 
connector 10, and a distal portion of graft 104. 

According to a first embodiment, portion 180 
is attached to a catheter 182 adjacent the narrow 
distal end of portion 180 and extends distally from 
Portion 180.. Catheter 182 may be introduced over guide 
10 wire 160 from a surgical access opening. Catheter 182 
would subsequently be advanced over guide wire 160 
until it exits the patient at the remote location where 
the guide wire 160 exits the patient, e.g., the leg 
adjacent the femoral artery. This configuration, 
15 illustrated in FIG. 13, allows the nose portion 180 to 
be pulled upstream within the coronary artery 202 as 
win be described in greater detail below. According 
to an alternative embodiment, portion 180- may be 
connected to a catheter portion 182- which extends 
20 proximally from portion 180- and into graft 104 and 
grart installing apparatus 14 (FIG. 13(a)). This 
configuration preferably enables portion 180- to be 
withdrawn proximally into graft 104 after completion o* 
the anastomosis. 

25 with continued reference to FIG. 13, a 

typical use of apparatus 14 and nose portion ^80 as 
shown to deliver graft 104 for connection to an 
aperture in a side wall of a patient's tubular body 
conduit, e.g., a coronary artery 202 requiring a bypass 
graft. a surgical access opening is made in the 
patient adjacent the anastomotic site in order to 
insert the distal end portion of graft installing 
apparatus 14 (e.g., balloon 18a), graft 104 and 
connector 10 into the patient. Apparatus 14 is 
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positioned such that a portion of apparatus 14 passes 
through a side branch I05d of graft 14 to access an 
interior portion of connector 10. 

Guide member 160 may be inserted into an 
5 axial lumen at the distal portion of balloon 18a. The 
tapered nose portion 180 is then gradually forced into 
the aperture as illustrated by the arrow (e.g., by 
using balloon 18a to push portion 180 distally into the 
aperture) to dilate the aperture. The natural elastic 
10 recoil of the conduit 202 side wall tissue may continue 
to keep the aperture sealed or substantially sealed 
around portion 180. 

As illustrated in FIG. 14, nose portion 180 
is pushed far enough into the aperture in the side wall 
15 of conduit 202 so that connector 10 is part way through 
the aperture. The second plurality of members 2 6 of 
connector 10 are directed radially outward and engage 
the wall of conduit 202 after connector 10 has passed a 
predetermined distance into the aperture. Thus members 

26 act as "stops" to a q«!i 5 t- h„ *-w . . 

p co assist in the positioning of 

connector 10 with respect to conduit 202. 

FIG. 15 illustrates that the next step is to 
push nose portion 180 farther into conduit 202 (e g 
by pulling catheter 182 further upstream). This causes 
distal nose portion 180 to separate from connector 10, 
thereby exposing the connector and leaving it in the 
aperture through the conduit 202 side wall. 

With continued reference to FIG. 15, the next 
step in use of apparatus 14 is to inflate balloon 18a. 
The balloon is typically sized to a -specific 

anastomosis si7p i & n t -^.j -i ■> • ^ 

size (e.g., 3 millimeters diameter, 4 

millimeters diameter, etc.,. Inflation of the balloon 

forces connector 10 to annuiarly enlarge by enlarging 

cells 50/52/54/56 and 60/62/64/66 in the annular 
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direction (See, FIG. 4). m addition, the portions of 

members 60 and 62 that are adjacent to elements 64 • (as 

well as elements 64 and 42) are deflected radially out 

beyond other portions of the connector inside the side 

5 wall of conduit 202, thereby causing the extreme distal 

end of graft 104 to similarly flare out inside that 

side wall. This outward flaring of portions of 

connector 10 and graft 104 helps secure the connector 

and graft to the side wall of conduit 202, and also 

10 helps seal the graft to the conduit. The axial 

shortening of connector- in *-n = t- 

v-unneccor iu that accompanies annular 

enlargement ensures that graft 104 is drawn into secure 
and fluid-tight engagement with conduit 202. The free 
ends of members 42 preferably penetrate the side wall 
of conduit 202 to further secure connector 10 and graft 
104 m the aperture in the side wall. Members 50, 52 
56, and 24 may also flare out somewhat outside the side 
wall of graft 202 to help ensure that graft 104 remains 
open where it connects to conduit 202. Further details 
20 with regard to the installation of connector 10 are 
described in U.S. Application 09/186,774 (293/039), 
incorporated by reference above. 

The next step in use of apparatus 14 is to 
deflate balloon 18a and withdraw all of elements 14, 
25 17a, and 18a (e.g., by pulling them proximally out of 
graft 104, . The nose portion 180 may be withdrawn as 
well (e.g., pulling portion 180 upstream by catheter 
182, as indicated by the arrow. Alternatively, portion 
180' is pulled proximally out of graft 104 if connector 
30 10 is sufficiently enlarged to allow portion 180' to 
pass within connecter 10, as illustrated in FIG. 
16(a)). This leaves the axial end portion of graft 104 
connected to the side wall of conduit 202 by annularly 
enlarged connector 10 as shown in FIG. 16. in 
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particular, in this example connector 10 provides an 
end-to-side anastomosis between graft 104 and conduit 
202. Body fluid from graft 104 is able to flow into 
conduit 202 via this connection. Connector 10 presses 
5 graft 104 radially outward against the aperture through 
the side wall of conduit 202 all the way around that 
aperture, thereby preventing body fluid from leaking 
out of conduits 120 and 202. Connector 10 also 
prevents the end of conduit 120 from pulling out of the 
10 side wall of conduit 202. 

The proximal attachment of graft 104 to the 

body conduit, e.g.. the aorta onn v., 

y., Lne aorta 200, by a connector, such 

as connector 12, is illustrated in FIGS. 17-18. A 
first step in the process may be to side-clamp the 
15 aorta 200 to allow perfusion while controlling blood 
loss during the deployment of the connector. 

A next step in the installation of graft 104 
may be to pierce conduit 200 with the sharpened end of 
guide wire 162. Guide wire 162 may be deployed from 
20 inside conduit 200 to the outside thereof by the use of 
a catheter arrangement substantially similar to 
catheter 152, described above with respect to FIGS. 10- 
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Graft installing apparatus 16 is inserted 
25 through the surgical access opening such that a portion 
of apparatus passes through side branch 105c of graft 
104 to access the interior or connector 12, which is 
attached to the axial end portion of the graft 104. 
The step may be performed with the end portion of graft 
30 104 entirely within the patient,- or- alternatively, 

while the end portion of graft 104 is extending outside 
of the patient through the surgical access opening. 

A nose portion (not shown), similar to 
portion 180, described above with respect to FIGS. 13- 
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14, may be helpful to assist in the insertion of an 
axial portion of connector 12 through the wall of 
conduit 200. Alternatively, an incision may be made in 
conduit 200 by a scalpel or other sharpened instrument 
5 inserted through the surgical access opening or 

percutaneously from the inside to the outside of the 
conduit 200. As described above for the installation 
of connector 10 (FIG. 14), members 94 of connector 12 
act as "stops" in order to assist in positioning a 
10 predetermined axial portion of connector 12 in the 

conduit wall. Balloon 18b is expanded substantially as 
described above with respect to FIG . 15, in order to 
expand connector and make the fluid-tight connection 
between conduit 200 and graft 104. 
15 AS illustrated in FIG. 18, expansion of 

balloon 18b expands connector 12 such that the free 
ends of members 82 preferably penetrate the side wall 
of conduit 200 to further secure connector 12 and graft 
104 in the aperture in the side wall. Members 67, 68 
20 and 69 may also flare out somewhat outside the side 

wall of graft 200 to help ensure that graft 104 remains 
open where it connects to conduit 200. The balloon 
catheter 17b and balloon 18b are removed from the 
anastomosis site (e.g., by pulling out through the 
25 graft 104. Side branch, such as side branch 105c may 
be closed by suturing, stapling, the application of 
clips, or other means known in the art. FIG 19 
illustrates the complete coronary artery bypass graft, 
allowing the flow of arterial blood from aorta 200 
30 through graft 104 to supply coronary artery 202 
downstream of the narrowing 204. 

According to another embodiment of the 
present invention, the steps of installing guide member 
160/162 from inside conduit 202 may be omitted. For 
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such an alternative embodiment, guide wire 160/162 may 
be installed from the outside to the inside of conduits 
200 and/or 202 by the use of a sharpened instrument, 
such as a scalpel, to make an incision in the conduit. 
5 Subsequently, the guide wire is inserted through the 
incision. According to yet another alternative 
embodiment, the guide wire may be deployed entirely 
percutaneously, i.e., passed along the patient's 
vascular system and then deployed from inside a first 
10 body conduit to the outside thereof by passing through 
the wall of the first conduit. The guide member is 
then directed to the second conduit by a steerable 
device, and passes through the wall of the second 
conduit. This is described in greater detail in 
15 Sullivan et al . U.S. Patent application No. 08/844,992 
(293/007), filed April 23, 1997, which is incorporated 
by reference in its entirety herein. 

An alternative embodiment of the invention is 
illustrated in FIG. 20. Apparatus 300 is configured to 
20 make an anastomotic connection between graft 104 and 

two sections of body conduit with connectors 10 and 12. 
Apparatus 300 may be employed percutaneously along the 
patient's vascular system. Alternatively, apparatus 
may be introduced through surgical access or deployed 
25 percutaneously and installed with assistance from 
instrumentation inserted through surgical access 
openings. 

Apparatus 300 includes graft installing 
apparatus 314, which is useful for deploying connector 
30 10, and graft installing apparatus 316, for installing 
connector 12. Apparatus 300 is substantially identical 
to apparatus 100, with some of the differences 
described herein. For example, apparatus 300 allows 
deployment of both connectors 10 and 12 from one axial 
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end of the graft 104. Graft installing apparatus 314 
and graft installing apparatus 316 are independently 
operable, as will be described in greater detail below. 

Graft installing apparatus 314 includes a 
5 balloon catheter 317 having a connector expanding 
balloon 318 attached to the end. Balloon 318 may be 
remotely expanded remotely from the proximal portion 
319. As FIG. 20(a) illustrates balloon catheter 317 
(and balloon 318, not shown in FIG. 20(a)) are 
10 configured with an axial opening 315 which allows guide 
member 160 to pass coaxially therethrough. Graft 
installing apparatus 316 is substantially similar to 
apparatus 314. Expandable balloon 322 may be remotely 
expanded from a proximal portion 324 connected by a 
15 balloon catheter 320. FIG. 20(a) illustrates that 
balloon 322 and balloon catheter 320 are configured 
with an axial opening 323 which allows balloon catheter 
317 to pass coaxially therethrough. The axial opening 
323 allows balloon 322 and balloon 318 to be shifted 
20 axially with respect to one another, e.g., to 

accommodate different length graft conduits 104. 

A desirable feature of structure 300 is the 
fact that the proximal and distal connector delivery 
components are independent of one another in terms of 
25 deployment controls. The distal connector delivery and 
deployment components are coaxially inside the proximal 
connector delivery and deployment components. After 
graft 104 has been attached to connectors 10 and 12, 
the space between the respectively associated portions 
30 of structure 300 can be adjusted to- add or remove graft 
length between the connectors as needed. 

FIGS. 20 and 20(a) also illustrate inflation 
control sleeve 310 surrounding an axial portion of 
balloon 322. Selection inflation of balloon 322 may be 
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achieved, wherein the portion of balloon 322 that is 
exposed from sleeve 310 may expand while the portion of 
balloon 322 that is surrounded by sleeve 310 is 
restrained against expansion. This selective inflation 
5 of balloon 322 allows connector 12 to be expanded in 
stages, as will be described in greater detail below. 

An early stage in an illustrative coronary 
artery bypass procedure in accordance with the 
invention includes the accessing the distal anastomosis 
10 location, e.g., at the coronary artery. The 

installation of the guide member 160 is substantially 
described above with respect to FIGS. 9-11, above. 
Thus catheter 152 and guide member 160 are illustrated 
in FIGS. 21-23, although it is understood that the 
15 method according to the invention may be carried out 
without the use of guide member 160. 

A later stage in the process includes 
accessing the aortic end of the desired bypass around 
narrowing 204. (See also Berg et al . U.S. Patent 
20 application 09/014,759 (293/029), fil ed January 28, 
1998, which is incorporated by reference in its 
entirety herein and U.S. Application No. 09/187,364 
(293/036), incorporated by reference above, for 
additional and/or alternative apparatus and/or methods 
25 usable in the aortic access that will now be 

described.) Catheter or catheter-like structure 300 is 
introduced intraluminally into the patient's 
circulatory system and advanced to the aorta as shown 
in FIG. 21. catheter 300 i s preferably introduced into 
30 the patient at a location remote from the coronary 

area, e.g., into the patient's vascular system at the 
leg and introduced into a femoral artery. 

As illustrated in FIG. 21, catheter 300 is 
pushed into the patient until its distal portion is 
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adjacent the inside surface of the wall of the aorta 
200 where it is desired to connect the aortic end of 
the bypass graft around narrowing 204. Needle 
catheter 302 is then pushed distally so that its 
5 sharpened distal end portion passes through the wall of 
aorta 200. The next step is to push the distal portion 
of pilot wire 304 out of the distal end of needle 
catheter 302. 

Subsequently, cutter catheter 306 is pushed 
10 in the distal direction so that a sharpened distal end 
of catheter 306 makes an annular cut through the wall 
of aorta 200 as shown in FIG. 22. As indicated by the 
arrow, cutter catheter may be provided with threads so 
that rotating the cutter catheter "pulls" the catheter 
15 distally through the wall of the aorta 200. The distal 
portion of cutter catheter 306 tends to follow pilot 
wire 304 in the space between aorta 106 and pericardial 
membrane (not shown) to prevent cutter catheter 306 
from inadvertently cutting through the pericardial 
20 membrane. The cutter catheter shaft 306 functions as a 
plug through the aperture in the aorta wall that the 
cutter catheter has formed. This prevents blood flow 
from the aorta into the pericardial space. The distal 
portion of aortic access catheter 308 is pushed 
25 distally through the aperture in the aorta wall that 
the cutter catheter, and helps to maintain a fluid- 
tight seal between the aortic access catheter 308 and 
the aorta. 

When catheter 308 is satisfactorily placed in 
30 aorta 200, the physician may withdraw catheter 306, 
cannula 302, and wire 304, as illustrated in FIG. 23 
(see, for example, Berg et al . U.S. patent application 
No. 09/010,367 (293/032), filed January 21, 1998, which 
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is hereby incorporated by reference herein in its 
entirety) . 

A further step is shown in FIG. 24 and 
involves insertion of snare structure 320 axially 
5 through the lumen of aortic access catheter 308, 
starting from the proximal portion of the catheter 
until a distal portion of structure 320 extends from 
the distal end of catheter 308 into the space between 
artery 200 and pericardial membrane (not shown) 
10 Structure 320 is preferably steerable (at least in its 
distal portion) , and may include optical or video 
components to help the physician guide the distal 
portion of structure 320 to the vicinity of the distal 
portion of catheter 152. The snare loop 322 on the 
15 distal end of wire 324 may be extended from the 

surrounding snare sleeve 326, as shown in FIG. 24, when 
the distal-most portion of sleeve 326 has reached the 
vicinity of catheter portion 152. 

Continued distal pushing of guide member 160 
causes the portion outside coronary artery 20 to pass 
through snare loop 322. Snare loop 322 is subsequently 
withdrawn into snare sleeve 32 6, thereby interengaging 
guide member 150 and snare wire 324. Snare 320 is 
withdrawn into aortic access catheter, thereby creating 
25 a single longitudinal member extending across the 
proposed anastomosis site. Further details are 
described in U.S. Application 09/187,364 (293/036), 
incorporated by reference above. 

A balloon access catheter may be deployed to 
dilate the opening in the coronary artery substantially 
as described with respect to FIG. 12, above As 
illustrated in FIG. 25, the distal portion of graft 
installing apparatus 300 is inserted along the 
patient's vascular system over guide member 160. 
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According to a preferred embodiment, nose portion 180 
may be advanced to dilate the coronary artery 202 at 
the distal anastomosis location, as illustrated in FIG. 
25. The distal anastomosis is made between the graft 
5 104 and the conduit 202, substantially as described 

with respect to FIGS. 13-16. For example, balloon 318, 
described above, is expanded to deform and deploy 
connector 10 substantially as described above for 
deforming connector 10 by expanding balloon 18a/18b 
10 Balloon catheter 317 is configured to coaxially pass 
through balloon 322 and balloon catheter 320. 

Graft 104, graft installing apparatus 314 and 
connector 12 are advanced from aortic access catheter 
308, such that the connector is positioned beyond the 
15 distal end of catheter 308, as illustrated in FIG. 26. 
As described above, an inflation control sleeve 310 
surrounds an axial portion of balloon 322 nearest 
aortic access catheter 308. Fluid or air is introduced 
into balloon' 322, thereby expanding the portion of 
balloon 322 exposed from sleeve 310. Consequently, the 
proximal portion of connector 12 is expanded by balloon 
322, as shown in the FIG. (The distal axial portion of 
balloon 322 is restrained by the inflation control 
sleeve and is not expanded, nor is the distal axial 
25 portion of connector 12.) The expanded proximal 

portion of connector 12 becomes annularly larger than 
the aortic access catheter 308. As indicated by the 
arrow, the aortic access catheter 308 and the connector 
12 may be moved proximally into the aorta 200. When 
30 moved into the aperture of the aorta, the expanded 

proximal portion of connector 12 helps to maintain the 
fluid-tight seal around the aperture in the aorta, and 
to control blood loss. 
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FIG. 27 illustrates the position of the 
connector 12 with respect to the wall of aorta 200. 
The free ends 92 of connector 12 acts as "stops" to 
prevent the connector 12 from advancing further into 
5 the aorta 200, and therefore assist in properly 

positioning connector 12 with respect to the aorta 200. 

Inflation control sleeve 310 is retracted 
into the lumen of the aorta to expose the distal 
portion of balloon 322. Balloon 322 is subsequently 
10 expanded (as illustrated in the FIG.), thereby 
annularly expanding the distal portion of the 
connector, as illustrated in FIG. 28. Connector 12 
thus forms an anastomotic connection between graft 104 
and aorta 200. The installing apparatus, such as 
15 inflation control member 310, aortic access catheter 

308, and expandable member 322 are subsequently removed 
from the patient. 

It will be understood that the foregoing is 
only illustrative of the principles of the invention 

20 and that various modifications can be made by those 

. skilled in the art without departing from the scope and 
spirit of the invention. For example, the invention 
can be used to add a graft to the patient's circulatory 
system elsewhere than between the aorta and a coronary 

25 artery as has been specifically shown and described 
above. Similarly, although particular examples of 
connector types have been shown herein, many other 
forms of connectors can be used instead if desired. 
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What is claimed is: 

1. Apparatus for making an anastomotic 
connection between first and second tubular fluid 
conduits in a patient, comprising: 

a connector configured for attachment to 
the first and second tubular fluid conduits and having 
an interior thereof substantially accessible to the 
interior of the first tubular fluid conduit, the 
connector configured for annular enlargement; and 

installation structure having an 
expandable portion configured to annularly enlarge the 
connector by engaging the interior of the connector. 



10 



2. The apparatus defined in claim 1, wherein 
the first tubular fluid conduit defines an opening 

15 extending between the exterior and the interior 

thereof, and wherein the installation structure further 
comprises an elongated portion configured to extend 
through the opening in the first tubular fluid conduit. 

3. The apparatus defined in claim 1, wherein 
20 a portion of the connector is configured for attachment 

to the axial end of the first tubular fluid body 
conduit and is substantially coaxial therewith. 

4. The apparatus defined in claim 3, wherein 
the connector comprises members having free end 

25 portions that are configured to penetrate the first 
tubular body conduit at locations that are axially 
spaced around the connector. 



an 



axial 



5. The 
portion 



apparatus defined in claim 3, wherein 
of the connector is configured for 
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insertion through an opening in a side wall of the 
second tubular fluid conduit. 

6. The apparatus defined in claim 5, wherein 
the connector comprises members having free end 
portions that are directed radially outward and are 
configured to penetrate the first tubular fluid conduit 
and to engage the exterior of the side wall of the 
second tubular fluid conduit to prevent movement of the 
connector with respect to the second tubular fluid 
conduit when a predetermined axial portion of the 
connector has passed through the opening in the side 
wall of the second- tubular fluid conduit. 

7. The apparatus defined in claim 1, wherein 
the installation structure comprises a proximal portion 
15 for remotely controlling expansion of the expandable 
portion . 



8 - The a PParatu s defined in claim 5, wherein 
tn " connector comprises members having free end 
portions that are configured to penetrate the second 
tubular body -conduit at locations that are axially 
spaced around the connector. 



20 



9. The apparatus defined in claim 8, further 
comprising a tapered sheath structure adapted for 
positioning about a distal portion of the first tubular 
25 fluid conduit and the connector during passage of the 
first tubular fluid conduit and the- connector through 
the opening in the side wall of the second tubular 
fluid conduit to assist said passage therethrough. 
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10. The apparatus defined in claim 9, further 
comprising a longitudinal member configured to extend 
between the first tubular fluid conduit and the second 
tubular fluid conduit 

11. The apparatus defined in claim 10 wherein 
the longitudinal member is configured to extend through 
the opening in the second tubular fluid conduit and 
along the lumen thereof. 

12. The apparatus defined in claim 10, 
wherein the sheath structure comprises an elongated 
tubular structure axially extending from an end portion 
of the tapered structure and coaxial with the 
longitudinal member. 

13. The apparatus defined in claim 12, 
15 wherein the sheath structure is configured to be 

advanced into and along the interior of the second 
tubular fluid conduit after passing through the opening 
m the side wall thereof. 



10 



20 
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14. The apparatus defined in claim 12, 
wherein the sheath structure is configured to be 
advanced into and along the interior of the first 
tubular fluid conduit after passing through the opening 
in the side wall of the second tubular body conduit. 

15. The apparatus defined in claim 5, further 
comprising a balloon structure configured to dilate the 
opening in the second tubular fluid conduit. 

16. The apparatus defined in claim 1, wherein 
the first tubular fluid conduit defines an opening 
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extending between the exterior and the interior 
thereof, and wherein the apparatus is configured to 
make a second anastomotic connection between the first 
tubular fluid conduit and a third tubular fluid conduit 
5 and the first tubular fluid conduit defines .first and 
second axial end portions, the apparatus further 
comprising: 

a second connector configured for 
attachment to the first and third tubular fluid 
10 conduits and having an interior thereof substantially 
open to the interior of the first tubular fluid 
conduit, the connector configured for annular 
enlargement; and 

second installation structure having a 
15 second expandable portion configured to annularly 

enlarge the second connector by engaging the interior 
of the second connector, and having a second elongated 
portion configured to extend through the opening in the 
medial portion of the first tubular fluid conduit. 

20 

17. The apparatus defined in claim 16, 
wherein the first expandable portion and the second 
expandable portion are independently expandable. . 

18. The apparatus defined in claim 1, wherein 
25 the first tubular fluid conduit is a natural body 

conduit, and the opening in a medial portion thereof is 
a natural side branch. 



the first 



19. The 
tubular 



apparatus defined- in claim 1, wherein 
fluid conduit is a saphenous vein. 
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20. The apparatus defined in claim 1, wherein 
the first tubular fluid conduit is an internal mammary 
artery. 

21. The apparatus defined in claim 1, wherein 
5 the first tubular fluid conduit is an artificial graft 

conduit . 

22. A method for making an anastomotic 
connection between a first and second tubular fluid 
conduits in a patient, the method comprising: 

attaching a connector to an axial end of 
the first tubular fluid conduit such that an interior 
portion of the connector is substantially accessible to 
an interior lumen of the first tubular fluid conduit; 

passing a portion of the connector 
15 through an opening in the wall of the second tubular 
fluid conduit; and 



10 



expanding a portion of the connector by 
accessing the interior of the connector. 

23. The method defined in claim 22, wherein 
20 the step of expanding a portion of the connector 

comprises accessing the interior of the connector 
through an opening in the wall of the first tubular 
fluid conduit. 

24. The method defined in claim 23, wherein 
25 the first tubular fluid conduit has a side branch 

located at the medial portion, and the step of 
expanding the portion of the connector comprises: 

accessing the interior of the connector 
through the side branch of the first tubular fluid 
30 conduit. 
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25. The method defined in claim 23, wherein 
the step of expanding the portion of the connector 
comprises : 

providing an expandable structure having 
a balloon member disposed adjacent the interior of the 
connector and an elongated portion configured to pass 
through the opening in the wall of the first tubular 
fluid conduit for' remotely expanding the balloon 
member; and 

expanding the balloon member. 

26. The method defined in claim 24, further 
comprising : 

after the step of expanding the portion 
15 of the connector, removing the expandable structure 

from said first tubular fluid conduit and closing the. 
side branch of the first tubular fluid conduit. 

27. The method defined in claim 22, wherein 
the step of attaching comprises: 

20 providing members on the connectors 

having free end portions that are directed radially 
outward; and 

piercing the axial end portion of the 
first tubular fluid conduit at annularly spaced 
25 locations . 



28. The method defined in claim 22, wherein 
the step of attaching comprises: 

providing members to- the connectors 
having free end portions that are directed radially 
30 outward; and 

engaging the side wall of the second 
tubular fluid conduit when a predetermined axial 
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portion of the connector has passed through the opening 
in the side wall of the second tubular fluid conduit. 

29. The method defined in claim 22, further 
comprising: 

before the step of passing the portion 
of the connector through the opening in the side wall 
of the second tubular fluid conduit, piercing the 
second tubular fluid conduit. 



30. The method defined in claim 29, wherein 
10 the step of piercing the second tubular fluid conduit 

comprises piercing the second tubular fluid conduit by 
advancing an elongated member from the interior of the 
second tubular fluid conduit to the exterior thereof. 

31. The method defined in claim 29, wherein 
15 the step of piercing the second tubular fluid conduit 

comprises piercing the second tubular fluid conduit by 
advancing an elongated member from the exterior of th 
second tubular fluid conduit to the interior thereof 



e 



32. The method defined in claim 30, further 
20 comprising: 

after the step of piercing the tubular 
body structure, enlarging the opening in the wall of 
the second tubular fluid conduit. 

33. The method defined in claim 32, wherein 
25 the step of enlarging the opening in the wall of the 

second tubular fluid conduit comprises expanding a 
balloon member positioned in the opening in wall of the" 
second tubular fluid conduit. 
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34. The method defined in claim 22, wherein 
the connector comprises a plurality of fingers having 
engagement members, and the step of expanding a portion 
of the connector comprises expanding the portion of the 
connector disposed within the tubular body structure 
such that the fingers engage the interior wall of the 
tubular body structure and the engagement members 
pierce the wall. 



35. The method defined in claim 34, further 
10 comprising: 

providing a sheath structure configured 
to surround a distal portion of the connector and said 
engagement members , 

wherein the step of passing the portion 
15 of the connector through the opening in the wall of the 
second tubular fluid conduit comprises passing the 
connector and the sheath structure through the opening 
in the wall of the second tubular fluid conduit such 
that the sheath structure surrounds said engagement 
20 members during said passing. 

36. The method defined in claim 35, further 
comprising : 

after the step of passing the sheath 
structure through the wall of the second tubular fluid 
25 conduit, moving the sheath structure to a location 
spaced apart from the connector. 



37. The method defined in claim 22, further 
comprising: 

attaching a second connector to a second 
30 axial end of the first tubular fluid conduit such that 
an interior portion of the connector is substantially 
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open to an interior lumen of the first tubular fluid 
condui t ; 

passing a portion of the second 
connector through an opening in the wall of a third 
5 tubular fluid conduit; and 

expanding a portion of the second 
connector by accessing the interior of the second 
connector through the opening in the wall of the first 
tubular fluid conduit. 

10 38 • Apparatus for making an anastomotic 

connection between a tubular graft conduit and a 
patient's tubular body structure at first and second 
spaced locations comprising: 

first and second connectors attached to 

15 the axial ends of the tubular graft conduit and having 
interior portions substantially accessible to the 
interior of the tubular graft conduit, a portion of the 
first and second connectors configured for annular 
expansion; and 

first installation structure having a 
first expandable portion for annularly expanding a 
portion of the first connector by engaging the interior 
of the first connector and a first elongated structure 
for remotely controlling expansion of the first 
25 expandable member, the first installation structure 
having an axial opening extending therethrough; and 

second installation structure having a 
second expandable portion for annularly expanding a 
portion of the second connector by engaging the 
30 interior of the second connector and an second 

elongated structure for remotely controlling expansion 
of the second expandable member, a portion of the 
second installation structure extending coaxially 
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through the axial opening i n the first installation 
structure . 



39. The apparatus defined in claim 38, 
wherein the first elongated structure and the second 
5 elongated structure extend from the same one of the 
first and second axial ends of the tubular graft 
conduit. 



10 
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40. The apparatus defined in claim 38, 
wherein the first and second installation structures 
are remotely controllable from outside the patient. 

41. The apparatus defined in claim 40, 
wherein the apparatus is configured for passage into 
and along a inner lumen of the patient's tubular body 
structure . 



42. The apparatus defined in claim 40, 
further comprising: 

an elongated structure configured for 
passage into and along the inner lumen of the patient's 
tubular body structure to the first location, adapted 
to provide an opening at the first location. 

43. The apparatus defined in claim 42, 
wherein the elongated structure defines an interior 
configured to receive the tubular graft for passage 
therethrough to the first location. 

44. The apparatus defined in claim 43, 
further comprising: 

a longitudinal member adapted for 
installation between the first and second locations, 
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wherein the tubular graft is adapted for 
coaxial advancement over the longitudinal member 
between the first location and the second location. 

45. The apparatus defined in claim 43, 
5 further comprising: 

a balloon structure for selectively 
enlarging an opening at the second location, the 
balloon structure having an internal lumen for coaxial 
advancement over the longitudinal member. 

10 46 - The apparatus defined in claim 45, 

further comprising: 

a tapered sheath structure adapted for 
positioning about a distal portion of one of the 
connectors during passage of said connector and said 
15 sheath structure through the opening at the second 
location to assist said passage therethrough. 

47. The apparatus defined in claim 46, 
wherein the sheath structure further comprises a 
tubular member extending axially from the sheath 
structure, wherein the sheath structure and the tubular 
member are configured for axial movement with respect 
to the longitudinal member. 



20 



48. The apparatus defined in claim 47, 
wherein the sheath structure and the tubular member are 

25 configured to advance distally into and along the lumen 
of the patient's tubular body structure after said 
passage through the opening at the second location. 

49. The apparatus defined in claim 47, 
wherein the sheath structure and the tubular member are 
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configured to advance proximally into the interior of 
one of the connectors following annular expansion and 
xnto and along the lumen of the tubular graft conduit 
after said passage through the opening at the second 
5 location. 

50. The apparatus defined in claim 38, 
further comprising: 

a fourth elongated structure configured 
to annularly surround a selected axial portion of one 
of the expandable portions in order to selectively 
restrain the selected axial portion of the expandable 
portion from expansion, thereby controlling selective 
expansion of one of the connectors. 

51. A method of installing tubular graft 
15 conduit between first and second spaced locations in a 
patient's tubular body structure, comprising: 

providing an aperture through a wall of 
the tubular body structure at the f irst location with a 
c-stal portion of an elongated structure inserted into 
and along a lumen of the tubular body structure to the 
first location; 

providing a graft having first and 
second connectors attached to axial ends of the graft; 

Passing the 3 ra " along the lumen of the 
25 tubular body structure through the wall at one of the 
first and second locations to the other of the 
locations; and 

attaching axial end portions of the 
graft to the tubular body structure adjacent the first 
and second locations by annularly expanding the first 
and second connectors. 



20 
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52. The method defined in claim 51, wherein 
the step of attaching axial end portions of the graft 
to the tubular body structure by annularly expanding 
the f lrst and second connectors comprises expanding 
first and second expandable structures positioned 
adjacent -the interiors of the first and second 
connectors . 

53 • ThS method defined in claim 50, wherein 
the step of attaching axial end portions of the graft 
to the tubular body structure comprises: 

annularly expanding a first axial 
portion of the first connector spaced furthest from the 
first location; 
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,„ f . _ inserting a second axial portion of the 

f^rst connector into the tubular body structure at the 
first location such that the first, expanded portion of 
the f irs t connector remains outside the tubular body 
structure; and 

annularly expanding the second axial 
portion of the first connector positioned inside the 
tubular body structure at the first location. 

54 • The meth °d defined in claim 53, wherein a 
distal portion of the elongated structure defines an 

25 lT r T 1Umen ' ^ ° f P"> vi *ing the aperture 

25 through the tubular body structure at the first 

location with the distal portion of the elongated 
structure comprises: 

extending the distal -end portion of the 
elongated structure out of the aperture of the tubular 
30 body structure at the first location such that a fluid- 
tight seal is provided between the distal portion of 
the elongated structure and the aperture. 
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55. The method defined in claim 54, wherein 
the step of passing the graft along the lumen of the 
tubular body structure through the wall at one of the 
first and second locations comprises: 

passing the graft along the lumen of the 
elongated structure and out of the elongated structure 
at the distal end portion thereof. 

56. The method defined in claim 55, wherein 
the step of passing the graft comprises: 

passing the graft through the wall of 
the tubular body structure at one of the first and 
second locations such that the second connector is 
positioned adjacent the second location and the fi^st 
connector is positioned adjacent the first location and 
15 is extending outside the first elongated structure. 

57. The method defined in claim 55, further 
comprising: 

providing a second elongated structure 
having a lumen, coaxially positioned to surround an 
axial portion, of the first connector. 



20 



58. The method defined in claim 57, further 
comprising : 

before the step of annularly expanding 
the f;Lrs t axial portion of the first connector spaced 
25 furthest from the first location, exposing the first 
axaal portion of the first connector from the lumen of 
the second elongated structure while retaining the 
second axial portion within the lumen of the second 
elongated structure. 
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59. The method defined in claim 58, further 
comprising : 

before the step of inserting a second 
axial portion of the first connector into the tubular 
5 body structure at the first location, retracting the 
distal end portion of the first elongated structure 
into the tubular body structure. 

60. The method defined in claim 58, further 
comprising: 

before the step of annularly expanding 
the second axial portion of the first connector 
positioned inside the tubular body structure at the 
first location, exposing the second portion of the 
first connector from the lumen of the second elongated 
15 structure. 
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